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DESCRIPTION 
Light Irradiating Apparatus and Method 

Technical Field 

The present invention relates to a light irradiating apparatus and method, usefully 
applied in a laser annealing apparatus or the like used in manufacture of a polysilicon 
thin-film transistor, for example. 

This application claims the priority of the Japanese Patent Application No. 
2002-321705 filed on November 5, 2002, the entirety of which is incorporated by 
reference herein. 
Background Art 

A laser annealing apparatus used in manufacture of a semiconductor element or 
the like uses, as a laser source, an excimer laser that can emit a light beam having a 
high energy. 

The excimer laser is filled with a gas which however will be degraded by a 
chemical reaction and the like as the time elapses. Therefore, the laser annealing 
apparatus using the excimer laser needs complicated maintenance such as daily 
exchange of the gas or the like and thus its running cost will be high. Also, since the 
laser annealing apparatus has to be kept out of operation during the gas exchange, the 
productive efficiency will be lower for the down time. Moreover, the excimer laser 
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cannot emit any light beam stable in energy. For example, after the gas is exchanged, 
the excimer laser will emit a light beam higher in energy. Therefore, with a laser 
annealing apparatus adopting an excimer laser as the laser source, it is difficult to 
uniformly anneal an object to be annealed, resulting in a lower yield. 

On this account, it has been proposed to use a solid-state laser capable of 
emitting a light beam stable in energy and which needs not any complicated 
maintenance such as exchange of the gas or the like. 

The solid-state laser is smaller in amount of energy per pulse than the excimer 
laser but can generate light beam pulses at a higher pulse rate. For example, the 
excimer laser emits a light beam of about 1 joule (J) in energy per pulse and generates 
light beam pulses at a rate of about 200 Hz, and thus the laser energy is about 200 W 
per second. On the other hand, the solid-state laser emits a light beam having an 
energy of about 1 mJ per pulse and generates light beam pulses at a rate of about 10 
kHz, and thus the laser energy is about 10 W per second. Therefore, the solid-state 
laser emits a light beam having an energy equal to 1/20 of the light beam energy 
emitted by the excimer laser. That is, to irradiate a-Si with a light beam having the 
same energy as that one excimer laser will provide, twenty solid-state lasers have to 
be used as a laser source. 

The energy per pulse of the solid-state laser is low as above. For example, 
when twenty solid-state lasers are used to emit a light beam under the same conditions 
as above, the light beam will have an energy of about 20 mJ per pulse, which is about 
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1/50 of that the excimer laser will provide. For a satisfactory annealing of a-Si, the 
latter should be irradiated with a light beam having an energy density having a higher 
value than a certain one. Therefore, in case a solid-state laser is used as a laser 
source, the section, perpendicular to the optical axis, of a laser beam emitted from the 
solid-state laser, should be smaller in area than that which will be when the excimer 
laser is used. 

For shaping a light beam emitted from the solid-state laser into a line beam 
having a uniform energy density having a value larger than a certain one, the aspect 
ratio of the section, perpendicular to the optical axis, of the light beam has to be 
extremely large. In a beam shaping optical system for such a very large aspect ratio 
of the section, perpendicular to the optical axis, of the light beam, there should be 
used many optical elements which are very small and high in precision. That is, the 
beam shaping optical system will be complicated in structure and utilize the light 
energy with not a high efficiency. For the aforementioned reasons, it is very difficult 
to shape a light beam emitted from the solid-state laser into a line beam having a 
uniform energy density having a larger value than a certain one. 

Therefore, in case a solid-state laser is used as a laser source, it is desirable that a 
light beam emitted from the solid-state laser is shaped for a smaller aspect ratio of the 
section thereof perpendicular to the optical axis and an object to be annealed be 
irradiated with the light beam while the latter is being deflected for thereby scanning a 
light beam spot on the object in the two-dimensional direction. 
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Also 5 in the solid-state laser, light beam pulses are generated at a repetition rate 
about 50 times higher than that which will be with the excimer laser. Therefore, in 
case a solid-state laser is adopted as a laser source, the moving stage has to be moved 
at a velocity about 50 times higher than that which will be with the excimer laser as a 
laser source for no increased number of times of light beam irradiation to the 
to-be-annealed object. However, if the moving stage is moved at such a velocity 
about 50 times higher than that with the excimer laser as a laser source, the moving 
velocity will be extremely high, possibly resulting in a problem such as abrasion or 
the like. 

As a laser annealing apparatus to solve the aforementioned problems, there has 
been proposed a laser annealing apparatus constructed as shown in FIG. 23. 

The laser annealing apparatus, generally indicated with a reference numeral 120, 
uses a solid-state laser as a laser source 101 as shown in FIG. 23. It further includes 
a moving stage 102 that moves in a direction parallel with the main surface of an 
object to be annealed 105, namely, in the direction of arrow Y in FIG. 23, and a 
reflecting mirror 103 and galvanometer 104, which move a spot 105a in a direction of 
arrow X perpendicular to the direction of arrow Y, namely, in a direction which is also 
parallel with the main surface of the to-be^annealed object 105. 

In the laser annealing apparatus 120 shown in FIG. 23, the moving stage 102 and 
galvanometer 104 are driven in a step-and -repeat manner which will be described 
below. First, the galvanometer 104 is driven with the moving stage 102 being kept 
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still to move the reflecting mirror 103 from one end to the other end in the direction of 
arrow X, and the moving stage 102 is moved in the direction of arrow Y with the 
galvanometer 104 being kept still. These steps of movement are made alternately. 

In the above-mentioned step-and-repeat manner if applied, however, one of the 
moving stage 102 and galvanometer 104 is made to stand still and then the other is 
driven, which causes a time loss. That is, the time loss will lead to a considerable 
reduction of the productivity. Also, the number of times of light beam irradiation to 
the to-be-annealed object 105 varies from one spot to another unless both the moving 
stage 102 and galvanometer 104 are driven with a high accuracy of positioning. 

Therefore, in the laser annealing apparatus 120, the galvanometer 104 should 
preferably be driven while the moving stage 102 is being moved at a constant velocity 
in the direction of arrow Y in FIG. 23 to oscillate the reflecting mirror 103 in the 
direction of arrow X in FIG. 23, to thereby linearly move the spot 105a on the 
to-be-annealed object 105 repeatedly in a constant range. At this time, for moving 
the spot 105a at a constant velocity, the galvanometer 104 is applied with a 
triangular-wave voltage of a frequency f ga i vo as given by the following equation (21) 
to oscillate the reflecting mirror 103 at a constant angular velocity. Since a light 
beam reflected by the reflecting mirror 103 oscillated at the angular velocity is 
irradiated to the to-be-annealed object 105 through an f0 lens 121, the spot 105a on 
the to-be-annealed object 105 is moved at a constant velocity in the direction of arrow 
X. It should be noted that when the moving stage 102 is moved at a velocity V stage as 
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given by the following equation (22) in the direction of arrow Y, all to-be-annealed 
objects 105 can be irradiated with the light beam the same number of times. 

fgaivo = (F«pW x )/(2D) (21) 

V stage - (F rep W x W y )/(nD) (22) 

where F rep is a repetition rate at which the laser source generates light beam pulses, 
W x is a length of the spot 105a in the direction of arrow X in FIG. 23, D is an 
amplitude of the center of the spot moving on the to-be-annealed objected 105 when 
the galvanometer 104 oscillates ideally, and n is a mean number of times of light beam 
irradiation to the whole surface of the to-be-annealed object 105, the number n being a 
natural even number. It should be noted that when the number n is an odd one, no 
uniform irradiation is attained but the mean number of times of irradiation over the 
region of irradiation will be n. 

Note that when the number of times of light beam irradiation is a multiple of 4, 
the number of times of light beam irradiation to the to-be-annealed object 105 can be 
made constant even if the galvanometer 104 is applied with a triangular-wave voltage 
of a frequency f galvo as given by the following equation (23) and at the same time the 
moving stage 102 is moved at a velocity V stage as given by the following equation (24) 
in the direction of arrow Y. 

fgaivo = (F rep 'W x )/(4D) (23) 

V stag e = (2'F rep -W x -W y )/(mD) (24) 

where m is a mean number of times of light beam irradiation over the main surface of 
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the to-be-annealed object 105, the number m being a multiple of 4. 

Even if the galvanometer 104 is applied with a triangular-wave voltage as given 
by the above equation (22) or (23), however, an inertia will cause the galvanometer 
104 to move more slowly when it has come near to a change point of the moving 
direction of the spot 105a and the spot amplitude to be smaller than D. Therefore, in 
a place near to the change point of the moving direction of the spot 105a, the area in 
which a spot 105a and an adjacent spot 105a overlap each other will be larger so that 
the to-be-annealed object 105 will be irradiated with the light beam an increased 
number of times. 

To prevent the to-be-annealed object 105 from being irradiated with the light 
beam such an increased number of times in a place near the change point of the 
moving direction of the spot 105a, it has already been proposed to change the rate at 
which light beam pulses are generated from the laser source 101 correspondingly to 
the oscillating rate of the reflecting mirror 103 while changing the moving velocity of 
the moving stage 102, for example. With the solid-state laser, however, when the 
pulse rate is so changed, the optical elements provided inside the laser will be 
different in temperature from each other, the intensity distribution, divergent angle, etc. 
of the emitted light beam will thus be varied and it be difficult to emit a desired light 
beam. Also, changing the pulse rate of the light beam emitted from the laser source 
101 and moving velocity of the moving stage 102 correspondingly to the oscillation 
velocity of the galvanometer 104 needs a complicated and high-speed control, 
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resulting in a difficulty in designing the laser annealing apparatus 120, for example. 

Further, the diameter of the f0 lens 121 used in the laser annealing apparatus 120 
will limit the range of light beam irradiation with the galvanometer 104 being 
oscillated. That is 5 the range of light beam irradiation with the galvanometer 104 
being oscillated while the moving stage 102 is moved at a constant velocity will be 
long in the direction of arrow Y in FIG. 23 and the width W in the direction of arrow 
X in FIG. 23 will be limited by the f0 lens 121. However, it is difficult to design and 
produce a large-diameter, high-precision f0 lens. Therefore, in the laser annealing 
apparatus 120, when it is necessary to irradiate a light beam to a range in which the 
width W in the direction of arrow X in FIG. 23 is larger than a one limited by the fO 
lens 121, the light beam irradiation is followed by a movement of the moving stage 
102 over the width W in the direction of arrow X in FIG. 23, namely, the light beam 
irradiation and moving-stage movement are done alternately. 

Since the movement of the moving stage 102 in the direction of arrow X in FIG. 
23 is limited in accuracy, the moving stage 102 cannot be moved precisely over the 
width W in the direction of arrow X as the case may be. When the moving stage 102 
has moved over a distance larger than the width W in the direction of arrow X in FIG. 
23, some region on the to-be-annealed object 105 will not be irradiated with the light 
beam. When the moving stage 102 has moved over a distance smaller than the width 
W in the direction of arrow X in FIG. 23, some region on the to-be-annealed object 
105 will be irradiated with the light beam doubly the normal number of times. That 
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is, when the moving stage 102 cannot be moved precisely over the width W in the 
direction of arrow X in FIG. 23, the to-be-annealed object 105 can hardly be irradiated 
uniformly with the light beam. 

Moreover, the moving velocity of the moving stage 102, if moved at a velocity 
V S tage as given by the above-mentioned equation (22) or (24) will vary within a range 
of about ±5%. If the moving velocity of the moving stage 102 is thus varied, the 
range in which a spot 105a and an adjacent one 105a overlap each other will vary and 
the number of times of light beam irradiation to the to-be-annealed object 105 will 
vary correspondingly. 
Disclosure of the Invention 

Accordingly, the present invention has an object to provide an improved and 
novel light irradiating apparatus and method, capable of overcoming the 
above-mentioned drawbacks of the related art. 

The present invention has another object to provide a light irradiating apparatus 
and method, capable of irradiating a laser light having a sufficient energy to the whole 
surface of a to-be-irradiated object uniformly and efficiently even if a laser source 
adopted therein is a solid-state laser small in energy per pulse and high in pulse rate. 

The above object can be attained by providing a light irradiating apparatus 
including according to the present invention: 

a laser source to emit a light beam; 

a stage to support a flat to-be4rradiated object; 
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an irradiating means including a deflecting means for deflecting an incident light 
beam while changing the angle of deflection periodically in a constant range, and 
which guides the light beam emitted from the laser source and irradiates the light 
beam to the main surface of the to-be^rradiated object while scanning the light beam 
in a first direction along the main surface of the to-be-irradiated object; 

a light beam emission controlling means for controlling the light beam emission 
from the laser source correspondingly to the angle of deflection of the light beam; 

a first controlling means for irradiating the light beam, of which the emission has 
been controlled by the light beam emission controlling means, to the main surface of 
the to-be-irradiated object while scanning the light beam in the first direction, and 
moving the stage in relation to the irradiating means in a second direction 
perpendicular to the first direction along the main surface of the to-be-irradiated 
object; and 

a second controlling means for controlling the stage, once moved by the first 
controlling means, to move in relation to the irradiating means in the first direction, 

the light beam irradiation controlled by the first controlling means being made to 
the same to-be4rradiated surface of the to-be-irradiated object in each of a plurality of 
different positions along the first direction, reached under the control of the second 
controlling means, and almost all the to-be-irradiated surfaces of the to-be-irradiated 
object undergoing the light beam irradiation controlled by the first controlling means 
in each of the different positions. 
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Also the above object can be attained by providing a light irradiating apparatus 
including according to the present invention: 
a laser source to emit a light beam; 

a moving stage which supports a flat to-be-irradiated object and moves the 
to-be-irradiated object in a direction parallel with the main surface of the 
to-be-irradiated object; 

an irradiating means including a deflecting means for deflecting an incident light 
beam while changing the angle of deflection periodically in a constant range, and 
which guides the light beam emitted from the laser source and irradiates the light 
beam to the main surface of the to-be-irradiated object while scanning the light beam 
in a first direction along the main surface of the to-be-irradiated object; and 

a light beam emission controlling means for controlling the light beam emission 
from the laser source correspondingly to the angle of deflection of the light beam. 

Also the above object can be attained by providing a light irradiating apparatus 
including according to the present invention: 

a laser source to emit a light beam; 

a moving stage to support a flat to-be-irradiated object; 

an irradiating means including a deflecting means for deflecting an incident light 
beam while changing the angle of deflection periodically in a constant range, and 
which guides the light beam emitted from the laser source and irradiates the light 
beam to the main surface of the to-be-irradiated object while scanning the light beam 
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in a first direction along the main surface of the to-be-irradiated object; 

a first controlling means for irradiating the light beam, of which the emission has 
been controlled by a light beam emission controlling means, to the main surface of the 
to-be-irradiated object while scanning the light beam in the first direction, and moving 
the stage in relation to the irradiating means in a second direction perpendicular to the 
first direction along the main surface of the to-be-irradiated object; and 

a second controlling means for controlling the stage, once moved by the first 
controlling means, to move in relation to the irradiating means in the first direction, 

the light beam irradiation controlled by the first controlling means being made to 
the same to-be-irradiated surface of the to-be-irradiated object in each of a plurality of 
different positions along the first direction, reached under the control of the second 
controlling means, and almost all the to-be-irradiated surfaces of the to-be-irradiated 
object undergoing the light beam irradiation controlled by the first controlling means 
in each of the different positions. 

Also the above object can be attained by providing a light irradiating method 
including, according to the present invention: 

a light beam emitting step in which a laser source emits a light beam; 

an irradiating step including a deflecting step of deflecting an incident light beam 
while changing the angle of deflection periodically in a constant range, and in which 
the light beam emitted from the laser source is guided and irradiated the light beam to 
the main surface of the to-be-irradiated object while the light beam is being scanned in 
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a first direction along the main surface of the to-be-irradiated object; 

a light beam emission controlling step of controlling the light beam emission 
from the laser source correspondingly to the angle of deflection of the light beam; 

a first controlling step of irradiating the light beam, of which the emission has 
been controlled in the light beam emission controlling step, to the main surface of the 
to-be-irradiated object while scanning the light beam in the first direction, and moving 
the to-be-irradiated object in relation to the light beam, having been irradiated to the 
main surface of the to-be-irradiated object in the irradiating step, in a second direction 
perpendicular to the first direction along the main surface of the to-be-irradiated 
object; and 

a second controlling step of moving the to-be-irradiated object, once moved in 
the first controlling step, in relation to the light beam irradiated to the main surface in 
the irradiating step, 

the light beam irradiation controlled in the first controlling step being made to 
the same to-be-irradiated surface of the to-be-irradiated object in each of a plurality of 
different positions along the first direction, reached in the second controlling step, and 
almost all the to-be-irradiated surfaces of the to-be-irradiated object undergoing the 
light beam irradiation controlled in the first controlling step in each of the different 
positions. 

Also the above object can be attained by providing a light irradiating method 
including according to the present invention: 



S03P1292 

-14- 

a light beam emitting step in which a laser source emits a light beam; 

a moving step of moving a flat to-be-irradiated object in a direction parallel with 
the main surface of the to-be-irradiated object; 

an irradiating step including a deflecting step of deflecting an incident light beam 
while changing the angle of deflection periodically in a constant range, and in which 
the light beam emitted from the laser source is guided and irradiated to the main 
surface of the to-be-irradiated object while the light beam is being scanned in a first 
direction along the main surface of the to-be-irradiated object; and 

a light beam emission controlling step of controlling the light beam emission 
from the laser source correspondingly to the angle of deflection of the light beam. 

Also the above object can be attained by providing a light irradiating method 
including according to the present invention: 

a light beam emitting step in which a laser source emits a light beam; 

an irradiating step including a deflecting step of deflecting an incident light beam 
while changing the angle of deflection periodically in a constant range, and in which 
the light beam emitted from the laser source is guided and irradiated to the main 
surface of the to-be-irradiated object while the light beam is being scanned in a first 
direction along the main surface of the to-be-irradiated object; 

a first controlling step of irradiating the light beam controlled in the light beam 
emission controlling step to the main surface of the to-be-irradiated object while 
scanning the light beam in the first direction, and moving the to-be-irradiated object in 
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relation to the light beam irradiated to the main surface of the to-be-irradiated object 
in the irradiating step in a second direction perpendicular to the first direction along 
the main surface of the to-be-irradiated object; and 

a second controlling step of moving the to-be-irradiated object, once moved in 
the first controlling step, in relation to the light beam irradiated to the main surface of 
the to-be-irradiated object in the irradiating step, 

the light beam irradiation controlled in the first controlling step being made to 
the same to-t>e4rradiated surface of the to-be-irradiated object in each of a plurality of 
different positions along the first direction, reached in the second controlling step, and 
almost all the to-be-irradiated surfaces of the to-be-irradiated object undergoing the 
light beam irradiation controlled in the first controlling step in each of the different 
positions. 

These objects and other objects, features and advantages of the present invention 
will become more apparent from the following detailed description of the best mode 
for carrying out the present invention when taken in conjunction with the 
accompanying drawings. 
Brief Description of the Drawings 

FIG. 1 is a perspective view of the laser annealing apparatus according to the 
present invention. 

FIG. 2 shows the movement of a spot defined on an object to be annealed. 
FIG. 3 shows adjacent spots overlapping each other in a predetermined area 
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when the reflecting mirror is oscillated at a constant velocity. 

FIG. 4 shows a spot and adjacent spot, not overlapping each other. 

FIG. 5 shows that the length of an area, where a spot and adjacent spot overlap 
each other, in a direction of movement over a predetermined distance is W x /2. 

FIG. 6 shows a relation between a triangular-wave voltage applied to the 
galvanometer and an angle of rotation of the rotating shaft. 

FIG. 7 shows a movement of a spot when a light beam is irradiated to a 
to-be-annealed object under no control of the controller. 

FIG. 8 shows a relation between the angles of rotation a and (3. 

FIG. 9 shows a movement of a spot when the light beam is irradiated to the 
to-be-annealed object under the control of the controller. 

FIG. 10 shows a movement of a spot when columns are formed. 

FIG. 11 shows a movement of a spot when the entire to-be-annealed object is to 
be annealed. 

FIG. 12 is a schematic diagram showing how a light beam is irradiated to the 
to-be-annealed object when i = 2 and n = 4. 

FIG. 13 is also a schematic diagram showing how a light beam is irradiated to 
the to-be-annealed object when i = 2 and n = 10. 

FIG. 14 A explains that a light beam will be irradiated to the to-be-annealed 
object (n + i) times when the area where a column and adjacent column overlap each 
other is larger than a predetermined area and FIG. 14B explains that a light beam will 
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be irradiated to the to-be-annealed object (n - i) times when the area where a column 
and adjacent column overlap each other is smaller than the predetermined area. 

FIG. 15 shows a relation among angles of rotation a, (3 and Y and a relation 
between the angle of rotation Y of the rotating shaft and number of times of 
irradiation to the to-be-irradiated object, in which FIG. 15A shows a relation among 
the angles of rotation a, (3 and Y and a relation among a, (3 and y, and FIGS. 15B and 
15C show a relation between the angle of rotation Y of the rotating shaft and number 
of times of irradiation to the to-be-irradiated object. 

FIG. 16 shows once-irradiated regions formed in opposite end portions, 
respectively, of a region already irradiated with a light beam twice. 

FIG. 17A shows that an object to be annealed when i = 2 and n = 4 will be 
irradiated with a light beam three times when the area where adjacent columns 
overlap each other is smaller than a predetermined area, and FIG. 17B shows that the 
object to be annealed when i = 2 and n = 4 will be irradiated with a light beam five 
times when the area where adjacent columns overlap each other is larger than a 
predetermined area. 

FIG. 18 is a schematic diagram showing that the length of an area, where a spot 
and adjacent spot overlap each other, in a direction of movement over a predetermined 
distance is W x /3. 

FIG. 19 A shows spots moved from one to other end in the direction of 
movement over a predetermined distance when the length of an area, where a spot and 
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adjacent spot overlap each other, in a direction in which the area is moved over the 
predetermined distance is W x /3, FIG. 19B shows spots moved from one to other end 
in the direction of movement over a predetermined distance when the length L of an 
area, where a spot and adjacent spot overlap each other, in a direction in which the 
area is moved over the predetermined distance is W x /3, and FIG. 19C shows 
once-irradiated and twice-irradiated regions formed in opposite end portions, 
respectively, of a region already irradiated with a light beam three times. 

FIG. 20 is a schematic diagram showing how a light beam is irradiated to the 
to-be-annealed object when n = 5. 

FIG. 21 is also a schematic diagram showing how a light beam is irradiated to 
the to-be-annealed object when n = 7. 

FIG. 22A shows that an object to be annealed when n = 5 will be irradiated with 
a light beam four times when the area where adjacent columns overlap each other is 
smaller than a predetermined area, and FIG. 22B shows that the object to be annealed 
under the same conditions as in FIG. 22A will be irradiated with a light beam six 
times when the area where adjacent columns overlap each other is larger than a 
predetermined area. 

FIG. 23 schematically illustrates the conventional laser annealing apparatus. 
Best Mode for Carrying Out the Invention 

The present invention will be illustrated and described in detail below 
concerning an application thereof to a laser annealing apparatus. 
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Referring now to FIG. 1, there is schematically illustrated the laser annealing 
apparatus according to the present invention. The laser annealing apparatus is 
generally indicated with a reference numeral 1. As shown in FIG. 1, the laser 
annealing apparatus 1 includes a moving stage 3 provided to support an object to be 
annealed object 2 and which is movable in a direction parallel with the main surface 
of the to-be-annealed object 2, a solid-state laser 4 to generate light beam pulses, a 
light shaping optical system 5 to shape the section perpendicular to the optical axis of 
the light beam emitted from the solid-state laser 4 and average the energy density of 
the light beam, a reflecting mirror 6 to deflect the light beam going out from the light 
shaping optical system 5, a galvanometer 7 to oscillate the reflecting mirror 6 at a 
constant velocity, an f8 lens 8 which irradiates the light beam deflected by the 
reflecting mirror 6 to the to-be-annealed object 2, and a controller 9 to control the 
light beam emission from the solid-state laser 4 correspondingly to the angle of 
deflection of the light beam deflected by the reflecting mirror 6. 

The moving stage 3 supports a flat to-be^annealed object 2 such as an a-Si thin 
film formed on a glass substrate, for example. The moving stage 3 is moved in 
two different directions parallel with the main surface of the to-be-annealed object 2 
and perpendicular to each other. More particularly, the moving stage 3 is moved 
stepwise over a predetermined distance in one of the two directions parallel to the 
main surface of the to-be-annealed object 2 and perpendicular to the each other, the 
one direction being a direction of arrow A in FIG. 1 (which will be referred to as 
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" direction in which the moving stage is moved over a predetermined distance" or 
"predetermined-distance moving direction" wherever appropriate hereunder), and also 
it is moved at a constant velocity in the other of the two directions parallel to the main 
surface of the to-be-annealed object 2 and perpendicular to the each other, the other 
direction being a direction of arrow B in FIG. 1 (which will be referred to as 
"direction in which the moving stage is moved at a constant velocity" or 
"constant-velocity moving direction" wherever appropriate hereunder). In this 
embodiment, the moving stage 3 is provided with a screw-feeding pulse motor for 
moving the moving stage 3 in the predetermined-distance moving distance, and an 
air-sliding linear motor for moving the moving stage 3 in the constant-velocity 
moving direction. 

The solid-state laser 4 emits a laser light. The solid-state laser 4 uses, as a base 
material, a transparent material such as a crystal, glass or the like except for a 
semiconductor, in which a rare earth ion, transition metal ion or the like is doped. 
When excited by light, the solid-state laser 4 emits a laser beam. The solid-state 
laser used in this embodiment includes Nd:YAG (yttrium aluminum garnet) laser, 
Nd:YVO laser, Nd: YLF (yttrium lithium fluoride) laser, Ti:sapphire laser or a 
harmonic one of these lasers. 

The solid-state laser 4 can turn on and off the generation of light beam pulses. 
In this embodiment, the solid-state laser 4 is provided with a Q switch. Using the 
factor that when the Q switch is on, little induced emission will take place in a laser 
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rod and the ratio between upper and lower levels in a population inversion state is 
extremely large as compared with that when the Q switch is off, the Q switch is 
repeatedly turned on and off at a rate of about several tens kHz to generate light beam 
pulses, while the Q switch is continuously kept off to generate a CW (continuous 
wave) laser beam. In the CW mode, the solid-state laser 4 emits a light beam whose 
energy is low, so that the light beam, if any, irradiated to the to-be-annealed object 2 
will not anneal the latter. The "pulse generation" will be referred to as "pulse-on 
operation" and "CW generation" be referred to as "pulse-off operation" hereunder. 
That is, the to-be-annealed object 2 will be annealed when the solid-state laser 4 is in 
the pulse-on mode of operation, and not be annealed during the pulse-off mode of 
operation. 

The light shaping optical system 5 includes a homogenizer and the like. It 
averages the energy density of a light beam and shapes a section perpendicular to the 
optical axis of the light beam. The light shaping optical system 5 shapes the section 
perpendicular to the optical axis of the light beam into a form whose aspect ratio is 
low. In this embodiment, the light shaping optical system 5 shapes the section 
perpendicular to the optical axis of the light beam into a rectangular form of W x =1.5 
(mm) and W y = 1 (mm). 

The reflecting mirror 6 changes the traveling direction of the light beam by 
reflecting the light beam coming from the light shaping optical system 5. The 
reflected light beam is incident upon the main surface of the to-be-annealed object 2 
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through the f6 lens 8. Also, the reflecting mirror 6 is reciprocally moved by the 
galvanometer 7 at a constant angular velocity within a range of a constant angle of 
rotation (the reciprocal movement will be referred to as "oscillation" hereunder). 
The light beam coming from the reflecting mirror 6 is deflected correspondingly to 
the posture of the reflecting mirror 6. When the reflecting mirror 6 has not been 
oscillated by the galvanometer 7, the traveling direction of the light beam coming 
from the light shaping optical system 5 is changed by 90 deg. and thus the light beam 
is irradiated to the to-be-annealed object 2 from a direction perpendicular to the main 
surface of the to-be-annealed object 2. 

In the following description, a position of the reflecting mirror 6 not oscillated 
by the galvanometer 7 will be referred to as "reference position" hereunder and a 
traveling direction of the light beam reflected by the reflecting mirror 6 staying in the 
home position will be referred to as "reference direction (fo". Also, an angle cj) of the 
traveling direction of the light beam reflected by the reflecting mirror 6 in relation to 
the reference direction (J)q will be referred to as "angle of deflection: hereunder. It 
should be noted that the angle of deflection is double an angle of rotation of the 
reflecting mirror 6. Also, an angle of rotation from the reference position of the 
reflecting mirror 6 being positioned in a direction counterclockwise rotated from the 
reference position and an angle of deflection of the light beam reflected by the 
reflecting mirror 6 in the same position are defined to be "positive" herein, while an 
angle of rotation from the reference position of the reflecting mirror 6 being 
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positioned in a direction clockwise rotated from the reference position and an angle of 
deflection of the light beam reflected by the reflecting mirror 6 in the same position 
are defined to be "negative". 

The galvanometer 7 has a rotating shaft 7a on which the reflecting mirror 6 is 
installed. The galvanometer 7 reciprocally moves the reflecting mirror 6 at a 
constant angular velocity within in a range of a constant angle of rotation in the 
direction of arrow H in FIG. 1 (the reciprocal movement will be referred to as 
"oscillation" hereunder). As the galvanometer 7 oscillates the reflecting mirror 6, the 
light beam emitted from the solid-state laser 4 is deflected along the direction of arrow 
A in FIG. 1 . As the reflecting mirror 6 is thus oscillated, the light beam emitted from 
the solid-state laser 4 has the angle of deflection thereof changed periodically within a 
predetermined range, and the center of a spot 2a defined by the light beam is 
reciprocally moved on the to-be-annealed object 2 over a predetermined range of 
distance D rea i in a predetermined direction as shown in FIG. 2. The range of distance 
D real is determined based on a range in which the angle of rotation of the reflecting 
mirror 6 varies. In this embodiment, the reflecting mirror 6 is reciprocally moved in 
a range of the angle of deflection thereof from a position of -a (0 < a) to a position of 
+oc. That is, the reciprocally moving range D real of the spot 2a indicates an amplitude 
of the center of the spot 2a on the to-be-annealed object 2 when the reflecting mirror 6 
is reciprocally moved in a range of the angle of deflection thereof from a position of 
-a (angle of deflection: -2a) to a position of +cc (angle of deflection: +2a). 
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Also, since the galvanometer 7 oscillates the reflecting mirror 6 at a constant 
velocity and the light beam reflected by the reflecting mirror 6 is irradiated to the 
to-be-annealed object 2 through the f6 lens 8, the spot 2a on the to-be-annealed object 
2 will be moved at a constant velocity. As shown in FIG. 8, since the spot 2a on the 
to-be-annealed object 2 is moved at the constant velocity, the area where the spot 2a 
and a spot 2a adjacent to the former spot 2a overlap each other will be constant. 
That is, it is possible to limit the variation of number of times of light beam irradiation 
to the to-be-annealed object 2. 

For the galvanometer 7 to oscillate the reflecting mirror 6 at a constant velocity, 
the galvanometer 7 may be applied with a triangular-wave voltage. 

Also, by applying a triangular-wave voltage of a frequency as given by the 
following equation (31) to the galvanometer 7 and irradiating the light beam to the 
to-be-annealed object 2 while moving the moving stage 3 at a velocity as given by the 
following equation (32) in the constant-velocity moving direction, it is possible in the 
laser annealing apparatus 1 to further limit the variation of number of times of light 
beam irradiation to the to-be-annealed object 2, whereby the to-be-annealed object 2 
can be irradiated uniformly with the light beam: 

fgaivo = (F rep -W x )/(2D) (31) 

V stage = (F rep W x W y )/(iD) (32) 

where F rep is a repetition rate at which the solid-state laser 4 generates light beam 
pulses, W x is a predetermined-distance moving directional length of the spot 2a 
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defined on the to-be-irradiated object 2, W y is a constant-velocity moving directional 
length of the spot 2a defined on the to-be-irradiated object 2, i is a mean number of 
times of light beam irradiation to the to-be-annealed object 2 within a column, and D 
is an amplitude of a trajectory of the center of the light beam spot defined on the 
to-be-irradiated object when the reflecting mirror 6 is ideally oscillated by the 
galvanometer 7. It should be noted that the "column" will be described in detail 
later. 

Since the triangular-wave voltage of the frequency f ga ivo as given by the above 
equation (31) is applied to the galvanometer 7, the spot 2a and an adjacent spot 2a will 
not overlap each other as shown in FIG. 4. Also, since the triangular-wave voltage 
of the frequency f ga i vo as given by the above equation (33) is applied to the 
galvanometer 7, the length, in the predetermined-di stance moving direction, of a 
portion where the spot 2a and adjacent spot 2a overlap each other will be W x /2 as 
shown in FIG. 5. 

Also, by applying a triangular-wave voltage of a frequency as given by the 
following equation (33) to the galvanometer 7 and irradiating the light beam to the 
to-be-annealed object 2 while moving the moving stage 3 at a velocity as given by the 
following equation (34) in the constant-velocity moving direction, it is possible in the 
laser annealing apparatus 1 to further limit the variation of number of times of light 
beam irradiation to the to-be-annealed object 2, whereby the to-be-annealed object 2 
can be irradiated uniformly with the light beam: 



S03P1292 

-26- 

fgawo = (F rep W x )/(4D) (33) 

V stage = (2-F rep -W x -W y )/(i-D) (34) 

The f0 lens 8 is provided on the light path between the reflecting mirror 6 and 
moving stage 3. When the light beam is irradiated to the to-be^annealed object 2 
while the reflecting mirror 6 is oscillated by the galvanometer 7 at a constant angular 
velocity, the change in angle of rotation of the reflecting mirror 6 is not proportional 
with a moving distance of the spot 2a on the to-be-annealed object 2 and hence it is 
difficult to move the spot 2a at a constant velocity However, when the light beam 
reflected by the reflecting mirror 6 is irradiated to the to-be-annealed object 2 through 
the f6 lens 8, the change in angle of rotation of the reflecting mirror 6 is proportional 
with the moving distance of the spot 2a on the to-be-annealed object 2 and thus the 
spot 2a can be moved at a constant velocity by oscillating the reflecting mirror 6 at a 
constant angular velocity by the galvanometer 7. 

The controller 9 detects an angle of rotation of the reflecting mirror 6 and turns 
on or off the solid-state laser 4 in generating light beam pulses correspondingly to the 
detected angle of rotation. The angle of rotation of the reflecting mirror 6 is a half of 
an angle of deflection of the light beam reflected by the reflecting mirror 6. 
Therefore, by detecting an angle of rotation of the reflecting mirror 6, it is possible to 
detect an angle of deflection of the light beam reflected by the reflecting mirror 6. 
That is, the controller 9 controls the solid-state laser 4 to make the pulse-on or off 
operation correspondingly to an angle of deflection of the light beam reflected by the 
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reflecting mirror 6. Also, the controller 9 controls the constant-velocity moving 
direction and predetermined-distance moving direction of the moving stage 3 by 
controlling the screw-feeding pulse motor and air-sliding linear motor provided on the 
moving stage 3. 

In the following, there will be explained an angle of rotation of the reflecting 
mirror 6 when the controller 9 controls the solid-state laser 4 to make the pulse-on or 
-off operation. 

In the laser annealing apparatus 1, the galvanometer 7 is applied with a 
triangular-wave voltage to oscillate the reflecting mirror 6 at a constant velocity while 
moving the moving stage 3 at a constant velocity in the constant-velocity moving 
direction in order to make constant the moving velocity of the spot 2a on the 
to-be-annealed object 2. 

Actually, however, when the rotating direction of the reflecting mirror 6 changes 
from clockwise to counterclockwise and from counterclockwise to clockwise, an 
inertia or the like will cause the rotation of the reflecting mirror 6 to slow down when 
the reflecting mirror 6 has been rotated to near the rotating-direction change point as 
shown in FIG. 6. It should be noted that the solid line in FIG. 6 indicates a change of 
the triangular-wave voltage applied to the galvanometer 7, and the broken line in FIG. 
6 indicates an angle of rotation of the reflecting mirror 6. The horizontal axis in FIG. 
6 indicates a time, and vertical axis indicates an value of the triangular-wave voltage 
or angle of rotation of the rotating shaft 7a. 
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When the rotation of the reflecting mirror 6 is dull at a point near the 
rotating-direction change point, the area in which the spot 2a and a spot 2a adjacent to 
the former spot 2a in the predetermined-distance moving direction overlap each other 
will be larger at a point near a point P where the moving direction of the spot 2a on 
the to-be-annealed object 2 is changed, as will be seen from FIG. 7. Therefore, the 
number of times of light beam irradiation to the to-be-annealed object 2 will vary 
from one spot to another. Also, the amplitude of the trajectory of the spot 2a defined 
on the to-be-annealed object 2 will be D rea i, not D. Since the controller 9 controls the 
solid-state laser 4 to make the pulse-off operation when the moving-direction change 
point of the spot 2a is nearly reached, it is possible to reduce the variation of the 
number of times of light beam irradiation to the to-be-annealed object 2. 

More specifically, an angle (3 (0 < (3 < a) at which the rotation of the reflecting 
mirror 6 is dull is determined and the controller 9 controls the solid-state laser 4 to 
make the pulse-on operation while the reflecting mirror 6 is rotating from +|3 to -(3 as 
shown in FIGS. 6 and 8, whereby it is possible to reduce the variation of the number 
of times of light beam irradiation to the to-be-annealed object 2. 

The controller 9 controls the solid-state laser 4 to make the pulse-on operation as 
will be described below: 

When detecting that the angle of rotation of the reflecting mirror 6 becomes +(3 
after the rotating direction of the reflecting mirror 6 has changed from clockwise to 
counterclockwise, the controller 9 controls the solid-state laser 4 to make the pulse-on 
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operation. After that, detecting that the angle of rotation of the reflecting mirror 6 
becomes -(3, the controller 9 controls the solid-state laser 4 to make the pulse-off 
operation. Also, when detecting that the angle of rotation of the reflecting mirror 6 
becomes -p after the rotating direction of the reflecting mirror 6 has changed from 
counterclockwise to clockwise, the controller 9 controls the solid-state laser 4 to make 
the pulse-on generation. After that, when detecting that the angle of rotation of the 
reflecting mirror 6 becomes +(3, the controller 9 controls the solid-state laser 4 to 
make the pulse-off operation. Therefore, when the rotating angle of the reflecting 
mirror 6 is within a range from +P to -(3, that is, when the angle of deflection of the 
light beam is within a range from +2(3 to -2(3, the light beam is irradiated to the 
to-be-annealed object 2. 

Since the controller 9 controls the pulse-on and -off operations of the laser 
source (solid-state laser) 4 as above, the spot 2a will not be defined in a position near 
the moving-direction change point P when the spot is reciprocally moved within the 
predetermined range D rea i on the to-be-annealed object 2 as shown in FIG. 9. That is, 
the region where there is formed a large area in which a spot 2a and another spot 2a 
adjacent to the former spot 2a in the predetermined -distance moving direction overlap 
each other will not be formed. 

The laser annealing apparatus 1 constructed according to the present invention as 
above functions as will be described below. It should be noted that the laser 
annealing apparatus 1 anneals the to-be-annealed object 2 by irradiating the light 
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beam to the entire main surface of the to-be-annealed object 2 n times (n > 0 o ). 

When an object to be annealed 2 is placed on the moving stage 3, the 
galvanometer 7 starts oscillating the reflecting mirror 6 with the frequency as given by 
the aforementioned equation (31) or (33) , thus the light beam emitted from the laser 
source 4 using the solid-state laser is linearly moved in the predetermined-distance 
moving direction to move the spot 2a repeatedly within the predetermined range D rea i. 
Also, as the moving stage 3 is moved at the velocity as given by the aforementioned 
equation (32) or (34) in the constant-velocity moving direction, the spot 2a is moved 
at the constant velocity from one end to the other end in the constant-velocity moving 
direction. 

Also, the controller 9 detects an angle of rotation of the reflecting mirror 6 to 
control the laser source 4 to make the pulse-on or -off operation correspondingly to 
the detected angle of rotation. More specifically, the controller 9 controls the laser 
source 4 to make the pulse-on operation when the detected angle of rotation of the 
rotating mirror 6 is over -p and under +(3, and to make the pulse-off operation when 
the angle is under -(3 and over +(3. 

With the aforementioned operations, the trajectory of the spot 2a on the 
to-be-annealed object 2 will take a form of a triangular wave whose apex has 
disappeared as shown in FIG. 10. Also, there is formed a light beam-irradiated 
region (will be referred to as "column" hereunder) 10 having a length E in the 
predetermined-distance moving direction and whose length in the constant-velocity 
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moving direction is nearly the same as that in the constant-velocity moving direction 
of the to-be-annealed object 2. It should be noted that the length E is a moving 
distance of the spot 2a when the reflecting mirror 6 has been rotated from +(3 to -0 
with the moving stage 3 not being moved. 

Then, the moving stage 3 is moved over a distance of iE/n in the 
predetermined-distance moving direction after completely moved in the 
constant-velocity moving direction. 

In the laser annealing apparatus 1, the column 10 is formed and the moving stage 
3 is moved over a distance of iE/n in the predetermined-di stance moving direction, 
which are alternately done, whereby the spot 2a is moved over the surface of the 
to-be-annealed object 2 which can thus be annealed as a whole, as shown in FIG. 11. 
It should be noted that FIG. 11 shows the movement of the spot 2a on the 
to-be-annealed object 2 when i = n by way of example. 

Also in the laser annealing apparatus 1 according to the present invention, even 
when i is constant for forming the column 10, the mean number n of times of light 
beam irradiation to the whole surface of the to-be-annealed object 2 can be controlled 
by controlling the moving distance of the moving stage 3 in the 
predetermined-distance moving direction. 

When i = 2, for example, n = 4 is attained by setting the moving distance of the 
moving stage 3 in the predetermined-di stance moving direction to E/2, and by 
forming the column 10 to be irradiated with the light beam a number of times i = 2 
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and moving the moving stage 3 over a distance E/2 in the predetermined-di stance 
moving direction alternately as shown in FIG. 12. Also, for n = 10, the moving 
distance of the moving stage 3 in the predetermined^ stance moving direction is set 
to E/5, and forming the column 10 whose mean number i of times of light beam 
irradiation is 2 and moving the moving stage 3 over a distance E/5 in the 
predetermined-distance moving direction are alternately effected as shown in FIG. 13. 
It should be noted that FIGS. 12 and 13 schematically illustrate the relation between a 
position on the to-be-annealed object 2 in the predetermined-distance moving 
direction and number of times of light beam irradiation and the number of squares in 
the direction of arrow z in FIGS. 12 and 13 indicates a number of times of light beam 
irradiation. 

As having been described above, in the laser annealing apparatus 1 according to 
the present invention, even when the laser source used is a solid-state laser 4 which 
emits a light beam whose section perpendicular to the optical axis of the light beam 
should be smaller in aspect ratio because its energy is weak, the variation of the 
number of times of light beam irradiation to the to-be-annealed object 2 can be 
reduced and thus the to-be^annealed 2 can be annealed with a sufficient, uniform 
energy. 

In the laser annealing apparatus 1, even if the mean number i of times of light 
beam irradiation to the to-be-annealed object 2 is fixed, the mean number n of times 
of light beam irradiation to the whole surface of the to-be-annealed object 2 can be 
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varied by changing the distance over which the moving stage 3 is moved in the 
predetermined-di stance moving direction. Therefore, in the laser annealing 
apparatus 1, since the mean number i of times of light beam irradiation to the 
to-be-annealed object 2, one of parameters upon which V stage as given by the equation 
(32) or (34) depends can be fixed irrespectively of the value of n, V stage is set to one 
value when F rep5 W x and W y are values peculiar to the laser annealing apparatus 1 . 
That is, in the laser annealing apparatus 1, it suffices to improve the accuracy and 
stability of the moving velocity of the moving stage in the constant-velocity moving 
direction for only the V stage thus set, not for any other V stage , so that it is possible to 
reduce the error of V stage . Therefore, in the laser annealing apparatus 1, the moving 
stage 3 can be moved at a constant velocity with a small variation in the 
constant-velocity moving direction, and thus the to-be-annealed object 2 can be 
annealed more uniformly. 

As having been described in the foregoing, in the laser annealing apparatus 1, a 
solid-state laser 4 capable of emitting a light beam whose energy is stable is used as 
the laser source and the light beam emitted from the solid-state laser 4 is shaped to 
have a section perpendicular to the optical axis thereof and having a small area, 
whereby the to-be-annealed object 2 can be irradiated uniformly with the light beam. 
Therefore, by annealing an amorphous silicon using the laser annealing apparatus 1, it 
is possible to produce a polysilicon whose grain size is large and uniform and in 
which electrons and holes are highly movable. A thin film transistor using the 



S03P1292 

-34- 

polysilicon thus produced will be stable in performance. 

Also, since the laser annealing apparatus 1 uses the solid-state laser 4 as the laser 
source, it has not to be stopped for gas exchange. Therefore, the laser annealing 
apparatus 1 can anneal a to-be-annealed object 2 with a high efficiency. 

Note that a peripheral region of an annealed object 2 will not sufficiently be 
annealed because the mean number of times of light beam irradiation is less than n. 
Normally, however, a peripheral region of several centimeters of the annealed object 2 
will not be used. Therefore, by annealing a to-be-annealed object 2 so that such an 
area not sufficiently annealed will be formed within the peripheral region of several 
centimeters, the object 2 annealed by the laser annealing apparatus 1 can be used 
without any problem. 

Note here that in the laser annealing apparatus 1, when the moving stage 3 is 
moved over an incorrect distance in the predetermined-distance moving direction, the 
area where a column 10 and adjacent column 10 overlap each other (will be referred 
to as "overlapping area" hereunder) will be different from a desired area. 

If the overlapping area is different from the desired area, a region where the 
overlapping columns 10 count n/i + 1, region where the overlapping columns 10 count 
n/i - 1 and the like will occur on the to-be-annealed object 2. The region where the 
overlapping columns 10 count n/i + 1 will be irradiated with the light beam n+i times, 
and the region where the overlapping columns 10 count n/i -1 will be irradiated with 
the light beam n-i times. Therefore, when the moving stage 3 is not moved over a 
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correct distance in the predetermined-distance moving direction, the number of times 
of light beam irradiation to the to-be-annealed object 2 will incur an error of ±i times. 

When i « 2 and n = 4, for example, the moving stage 3 will be moved over a 
distance of E/2 in the predetermined-di stance moving direction. If the moving 
distance of the moving stage 3 in the predetermined-distance moving direction is less 
than E/2, a region irradiated with the light beam twice will occur on the 
to-be-annealed object 2 as shown hatched in FIG. 14 A. On the other hand, If the 
moving distance of the moving stage 3 in the predetermined-distance moving 
direction is more than E/2, a region irradiated with the light beam six times will occur 
on the to-be-annealed object 2 as shown hatched in FIG. 14B. Therefore, the 
number of times of light beam irradiation to the to-be-annealed object 2 will incur an 
error of ±2 times. It should be noted that FIGS. 14A and 14B schematically 
illustrate the relation between a position on the to-be-annealed object 2 in the 
predetermined-distance moving direction and number of times of light beam 
irradiation and the number of squares in the direction of arrow z in FIGS. 14A and 
14B indicates a number of times of light beam irradiation. 

To reduce the difference in number of times of light beam irradiation to the 
to-be-annealed object 2 to less than ±i even when the moving stage 3 has been moved 
over an inaccurate distance in the predetermined-distance moving direction, the 
position in which the controller 9 controls the solid-state laser 4 to start the pulse-on 
operation may be made different from the position in which the controller 9 controls 
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the solid-state laser 4 to start the pulse-off operation as will be described below. 

First, the controller determines y (y < |3) as shown in FIGS. 15 A to 15C. 

Then, when the controller 9 detects that the angle of rotation of the rotating shaft 
7a is +y after the rotating direction of the rotating shaft 7a changes from clockwise to 
counterclockwise, it controls the solid-state laser 4 to make the pulse-on operation, 
and after that, when it detects that the angle of rotation of the rotating shaft 7a is -p, it 
controls the solid-state laser 4 to make the pulse-off operation. Also, when the 
controller 9 detects that the angle of rotation of the rotating shaft 7a is -y after the 
rotating direction of the rotating shaft 7a changes from counterclockwise to clockwise, 
it controls the solid-state laser 4 to make the pulse-on operation, and then, when it 
detects that the angle of rotation of the rotating shaft 7a is +P, it controls the 
solid-state laser 4 to make the pulse-off operation. 

Since the controller 9 controls the Q switch of the solid-state laser 4 as above, 
regions 32a and 32b irradiated with the light beam i/2 times (will be referred to as "i/2 
times-irradiated region" hereunder) will be formed at opposite ends, in the 
predetermined-distance moving direction, of a region 31 irradiated with the light beam 
i times (will be referred to as "i times -irradiated region" hereunder) as shown in FIGS. 
15B and 15C. 

The i times-irradiated region 31 has been irradiated with the light beam when the 
angle of rotation of the rotating shaft 7a is within a range from -2y to +2y. 

Also, one of the i/2 times-irradiated regions 32a and 32b has been irradiated with 
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the light beam when the angle of rotation of the rotating shaft 7a is within a range 
from +2y to +2(3, and the other region has been irradiated with the light beam when 
the angle of rotation of the rotating shaft 7a is within a range from -20 to -2y. 

Then, a range including the i times -irradiated region 31 and one (32a) of the i/2 
times-irradiated regions is set as a column 33, and the moving stage 3 is moved in the 
predetermined-distance moving direction on the basis of a length Lj of the column in 
the predetermined-distance moving direction. Namely, the moving stage 3 is moved 
over a distance of iL x /n in the predetermined-distance moving direction. 

When the controller 9 controls the solid-state laser 4 to make the pulse-on or -off 
operation as above, the moving stage 3 is moved over a distance longer than iL^n in 
the predetermined-distance moving direction, whereby a region where the overlapping 
columns 33 count n/i + 1 will be irradiated with the light beam n+i/2 times. Further, 
since the moving stage 3 is moved over a distance shorter than ilVn, a region where 
the overlapping columns 33 count i - 1 will be irradiated with the light beam n - i/2 
times. Therefore, the error with respect of the number n of times of light beam 
irradiation to the whole to-be-irradiated object 2 can easily be reduced to ±i/2 times. 

For example, when the triangular-wave voltage to be applied to the galvanometer 
7 has a frequency as given by the aforementioned equation (33) and i = 2, regions 36a 
and 36b irradiated with the light beam once will be formed at opposite ends, in the 
predetermined-distance moving direction, of a region 35 irradiated twice as shown in 
FIG. 16. The twice-irradiated region 35 and once-irradiated region 36a are taken as 
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a column 40. 

When n = 4, for example, with the above-mentioned conditions, the moving 
stage 3 is moved over a distance of L 2 /2 in the predetermined-distance moving 
direction. When the moving stage 3 is moved over a distance smaller than Lj/2 in 
the predetermined-distance moving direction, a region irradiated three times will take 
place on the to-be-annealed object 2 as shown hatched in FIG. 17A. On the other 
hand, when the moving stage 3 is moved over a distance larger than Li/2, a region 
irradiated 5 times will occur on the to-be-annealed object 2 as shown hatched in FIG. 
17B. Therefore, the error of number of times of light irradiation to the 
to-be-annealed object 2 will be ±1. It should be noted that FIGS. 17A and 17B 
schematically illustrate the relation between a position on the to-be-annealed object 2 
in the predetermined-distance moving direction and number of times of light beam 
irradiation and the number of squares in the direction of arrow z in FIGS. 17A and 
17B indicate a number of times of light irradiation. 

In the laser annealing apparatus 1, the controller 9 can reduce the error in 
number of times of light beam irradiation to the to-be-annealed object 2 can be 
reduced to ±1 since the controller 9 controls the solid-state laser 4 to make the 
pulse-on or -off operation and sets i = 2 as above, thus permitting to reduce the error 
in number of times of light beam irradiation. 

Also, in the laser annealing apparatus 1, by controlling the moving distance of 
the moving stage 3 in the predetermined-distance moving direction even when i = 2, 
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the number of times of light beam irradiation to the whole main surface of the 
to-be-annealed object 2 can be changed. When i = 2, the moving stage 3 will be 
moved over a distance of 2Li/n in the predetermined-di stance moving direction. 
That is, when n = 20, the whole main surface of the to-be-annealed object 2 can be 
irradiated with the light beam twenty times by moving the moving stage 3 over a 
distance of Li/10 in the predetermined-distance moving direction. 

Therefore, in the laser annealing apparatus 1 according to the present invention, 
the to-be-annealed object 2 should preferably be annealed with i being 2 (minimum). 
In the laser annealing apparatus 1, the error in number of times of light beam 
irradiation to the to-be-annealed object 2 can be limited to ±1 even when the moving 
stage 3 has been moved over an inaccurate distance in the predetermined-distance 
moving direction since the controller 9 controls the pulse-on and -off operations and 
sets i = 2. 

Note that y is determined based on the ratio between the length, in the 
predetermined-distance moving direction, of the i times -irradiated region 3 1 and those, 
in the predetermined-distance moving direction, of the i/2 times-irradiated regions 32a 
and 32b. For example, when the ratio between the length, in the 
predetermined-distance moving direction, of the i times-irradiated region 31 and that, 
in the predetermined-distance moving direction, of one (32a) of the i/2 
times-irradiated regions is R, y is determined by solving 2(3/y = R. 

Note that the pulse-on and -off control by the controller 9 is not limited to the 
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aforementioned one by may be done in any other way. For example, the controller 9 
may control the solid-state laser 4 to make the pulse-on operation when it detects that 
the angle of rotation of the rotating shaft 7a becomes +(3 after the rotating direction of 
the rotating shaft 7a has changed from clockwise to counterclockwise, then control the 
solid-state laser 4 to make the pulse-off operation when it detects that the angle of 
rotation of the rotating shaft 7a becomes -y 9 control the solid-state laser 4 to make the 
pulse-on operation when it detects that the angle of rotation of the rotating shaft 7a 
becomes -(3 after the rotating direction of the rotating shaft 7a has changed from 
counterclockwise to clockwise, and then control the solid-state laser 4 to make the 
pulse-off operation when it detects that the angle of rotation of the rotating shaft 7a 
becomes +y. 

Note here that the aforementioned method of reducing the error in number of 
times of light beam irradiation to the to-be-annealed object 2 is effective when i is an 
even number. In the following, there will be explained how the laser annealing 
apparatus 1 produces columns in which i = 3 and which is capable of reducing the 
error in number of times of light beam irradiation so that the error in number of times 
of light beam irradiation to the to-be-annealed object 2 can be reduced even when n is 
an odd number. 

First, the frequency f galvo , as given by the following equation (35), of a 
triangular-wave voltage to be applied to the galvanometer 7 is set to a frequency 2/3 
times higher than the frequency as given by the aforementioned equation (31). 



S03P1292 

-41 - 

fgawo = (F rcp W x )/(3D) (35) 

When the frequency f galvo of a triangular-wave voltage to be applied to the 
galvanometer 7 is set to a frequency as given by the above equation (35) 5 the length, 
in the predetermined-distance moving direction, of a portion where a spot 2a and 
adjacent spot 2a overlap each other is W x /3 as shown in FIG. 18. 

Also, y is determined so that the length, in the predetermined-distance moving 
direction, of a region irradiated with the light beam when the angle of rotation of the 
rotating mirror 6 is within a range from +y to +P and that, in the 
predetermined-distance moving direction, of a region irradiated with the light beam 
when the angle of rotation of the reflecting mirror 6 is within a range of -(3 to -y will 
be 1/3W X . 

Further, the moving velocity V stage of the moving stage 3 in the constant-velocity 
moving direction is set to a velocity as given by the following equation (36): 

V slage = (F rep -W x -W y )/(3D) (36) 

Note that the frequency of the triangular-wave voltage to be applied to the 
galvanometer 7 is provided by correcting the frequency f galvo as given by the equation 
(31) by multiplying the latter by 2/3. Therefore, the moving velocity V stage of the 
moving stage 3 in the constant-velocity moving direction is also provided by 
correcting the moving velocity as give by the aforementioned equation (33), not by 
placing i = 3 in the equation (33). 

When the laser annealing apparatus 1 is put into operation with the frequency 
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fgaivo and moving velocity V stage being set as above, the spot 2a is moved from one end 
to the other end in the predetermined-distance moving direction with the length, in the 
predetermined-distance moving direction, of a portion where the spot 2a and a spot 2a 
adjacent spot 2a overlap each other being W x /3 as shown in FIG. 19 A, and the spot 2a 
is moved from one end to the other end in the predetermined-distance moving 
direction with the length, in the predetermined-distance moving direction, of a portion 
where the spot 2a and adjacent spot 2a overlap each other being W x /3 as shown in FIG. 
19B. These operations are alternately effected. 

Then, at one end, in the predetermined-distance moving direction, of a region 51 
irradiated with the light beam three times (will be referred to as "three times-irradiated 
region" hereunder), there are sequentially formed a region 52a irradiated with the light 
beam two times (will be referred to as "twice-irradiated region" hereunder) and region 
53a irradiated with the light beam once (will be referred to as "once-irradiated region" 
hereunder), and at the other end, in the predetermined-distance moving direction, of 
the three times -irradiated region 51, there are sequentially formed a twice-irradiated 
region 52b and one-irradiated region 53b, as shown in FIG. 19C. All the 
twice-irradiated region 52a, once-irradiated region 53a, twice-irradiated region 52b 
and once-irradiated region 53b are equal in width to each other. 

Next, with the three times-irradiated region 51, one (52a) of the twice4rradiated 
regions and one (53a) of the once-irradiated regions being taken as a column 60, the 
moving stage 3 is moved in the predetermined-distance moving direction on the basis 
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of a length L 2 of the column 60 in the predetermined-distance moving direction. 
Namely, the moving stage 3 will be moved over a distance of iL 2 /n in the 
predetermined-distance moving direction. 

By forming the column 60 to which the light beam is irradiated a mean number i 
of times (= 3) in combination with the column 40 to which the light beam is irradiated 
a mean number i of times (= 2), the number n of times of light beam irradiation can be 
set to any odd number. However, it is necessary that Li = L 2 . 

For example, when n = 5, the moving stage 3 is moved over a distance of 31^/4 
in the predetermined-distance moving direction after the column 60 is formed, and the 
moving stage 3 is moved over a distance of Li/4 in the predetermined-distance 
moving direction after the column 40 is formed. These operations are alternately 
effected as shown in FIG. 20. 

Also, when n = 7, the moving stage 3 is moved over a distance of 3L 2 /8 in the 
predetermined-distance moving direction after a column 60 is formed, which is a first 
step, the moving stage 3 is moved over a distance of Li/4 in the 
predetermined-distance moving direction after a column 40 is formed, as a second 
step, and the moving stage 3 is moved over a distance of 3L]/8 in the 
predetermined-distance moving direction after a column 40 is formed, which is a third 
step, as shown in FIG. 21. Then, the first, second and third steps are repeated 
sequentially. 

As having been described in the foregoing, when the moving stage 3 is moved 
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over a distance shorter than desired in the predetermined-distance moving direction 
and an area of overlapping between adjacent columns is increased even when n is an 
odd number because the column 60 to be irradiated with the light beam i times (i = 3) 
is formed, the error in number of times of light beam irradiation is + 1 . When the 
moving stage 3 is moved over a distance shorter than desired in the 
predetermined-distance moving direction and an area of overlapping between adjacent 
columns is decreased in the above condition, the error in number of times of light 
beam irradiation is -1. 

For example, when n = 5 is set in the method shown in FIG. 20, a region to be 
irradiated with the light beam four times will take place as shown hatched in FIG. 22A 
if the moving stage 3 is moved over a distance shorter than 3L 2 /4 in the 
predetermined-distance moving direction after the column 60 is formed. On the 
other hand, if the moving stage 3 is moved over a distance longer than 3L 2 /4 in the 
predetermined-distance moving direction, a region to be irradiated with the light beam 
six times will occur as shown hatched in FIG. 22B. Therefore, the error in number 
of times of light beam irradiation is ± 1 . 

That is, by forming the column 60 to be irradiated i times (i = 3) as above, it is 
possible to reduced the error in number of times of light beam irradiation to the 
to-be-annealed object 2 to ±1 even when the number n of times of light irradiation to 
the to-be-annealed object 2 is an odd number. 

Note that FIGS. 20, 21 and 22 schematically illustrate the relation between a 
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position on the to-be-annealed object 2 in the predetermined-distance moving 
direction and number of times of light beam irradiation and the number of squares in 
the direction of arrow z in FIGS. 20 to 22 indicates a number of times of light beam 
irradiation. 

In the foregoing, the present invention has been described in detail concerning 
certain preferred embodiments thereof as examples with reference to the 
accompanying drawings. However, it should be understood by those ordinarily 
skilled in the art that the present invention is not limited to the embodiments but can 
be modified in various manners, constructed alternatively or embodied in various 
other forms without departing from the scope and spirit thereof as set forth and 
defined in the appended claims. 
Industrial Applicability 

As having been described in the foregoing, according to the present invention, it 
is possible to reduce the variation of number of times of light beam irradiation to a 
to-be-irradiated object even when the to-be-irradiated is irradiated with a light beam 
whose section perpendicular to the optical axis thereof is smaller in aspect ratio 
because its energy is weak. Therefore, in the light irradiating apparatus according to 
the present invention, a solid-state laser to emit a light beam which is weak in energy 
but stable can be used as the laser source and the to-be-irradiated object can be 
irradiated with a sufficient, uniform energy. 

Also, according to the present invention, even when a region of irradiation 
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formed through a first control is to be irradiated with a light beam fixed number of 
times, the number of times of light beam irradiation to the to-be-irradiated object can 
be controlled by controlling the moving distance of the moving stage in a second 
control. Therefore, since one of parameters on which the moving velocity of the 
moving stage in a first direction depends can be fixed, the error in moving velocity for 
moving the moving stage in the first direction can be reduced. That is, in the light 
irradiating apparatus according to the present invention, the variation of number of 
times of light beam irradiation to the to-be-irradiated object can be reduced. 

Therefore, by annealing an amorphous silicon using the laser annealing 
apparatus 1, it is possible to produce a polysilicon whose grain size is large and 
uniform and in which electrons and holes are highly movable. A thin film transistor 
using the polysilicon thus produced will be stable in performance. 



